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Description 

[0001] The present invention relates to a thermoplas- 
tic laser sinterable powder which may be used to form 
flexible articles at relative low temperatures and a meth- 
od for forming articles from the thermoplastic powder of 
the invention. 

BACKGROUND OF THE INVENTION 

[0002] Laser Sintering is a process by which a three 
dimensional article may be formed in a layer-wise fash- 
ion by selectively projecting a laser beam having the de- 
sired energy onto a bed of resin particles. Prototype or 
production parts may be efficiently and economically 
produced by this process, which is often times referred 
to as Selective Laser Sintering (SLS, trademark of DTM 
Corporation, Austin, TX). This process has been de- 
scribed in U.S. Patents 4,944,817; 5,516,697 and 
5,382,308 to Bourell, et al.; 5,304,329 and 5,342,91 9 to 
Dickens, Jr. et al. and 5,385,780 to Lee. 
[0003] Generally selective laser sintering technique 
and equipment use a laser which emits energy focused 
on a target area. In the target area, where the part is 
produced, is a powdered material which partially melts 
or softens under the energy emitted from the laser. The 
selective laser sintering equipment includes a means to 
deposits a smooth, level layer of the powdered material 
on to the target surface before the layer of powder is 
exposed to the laser energy. The laser energy emission 
is controlled and limited to a selected portion of the tar- 
get area by a computer link to a CAD/CAM system which 
directs the laser to scan to form a "slice" of the part. After 
exposure of powdered material to form the first "slice" 
of the part, a second layer of powdered material is de- 
posited into the target area. Again the laser scans the 
target area exposing only the portions of the target area 
as directed by the CAD/CAM program producing a sec- 
ond "slice" of the part. This process is repeated until the 
part is built up "slice by slice" to form the completed part. 
[0004] It has been the practice that the laser energy 
to which the powder is exposed is just that amount that 
is sufficient to quickly form the part slice, and therefore, 
it has been necessary to heat the target environment so 
that the powdered resin is at or very close to its melting 
point before laser exposure. Thus, the thermal proper- 
ties of the sinterable powder are important in assuring 
that there is a window of operation in the selective laser 
sintering process. That is, so that there is a minimal of 
polymer particle softening at some elevated tempera- 
ture so that the powder can remain in the heated target 
environment with out the initiation of particle fusing until 
a later time at which a rapid, focused boost in thermal 
energy is supplied to the heated particles by the scan- 
ning laser beam. 

[0005] There are several techniques known to provide 
this window of operation for the laser sinterable pow- 
dered materials. Generally these techniques rely on the 



mixing of powders from various materials, especially 
polymer materials having characteristics that provide a 
wide range in softening and melting characteristics, and 
selection of powder particle sizes that provide good 
5 packing properties. Widening the softening or melting 
range provides a powder that can be stored in the target 
area at a temperature that is close to the fusion point of 
the particles. The additional energy provided in the laser 
scan can quickly fuse the particles to form the "slice" of 
the cross section of the part without causing hot spots 
that may contribute to poor resolution of the part dimen- 
sions. 

[0006] Providing a particle size distribution of a mix 
large and small particles or a bimodal particle size dis- 
tribution not only provides small particles that will heat 
faster and, thus, fuse easily to form the slice of the part, 
but also provides smaller particles which may pack in 
between the interstitial spaces between the larger par- 
ticles of the powder providing a means of densifying the 
fused part. 

[0007] The window of operation has been widened by 
Buorell, for example, by the inclusion of a plurality of 
materials, either as a coated particle or as a mixture of 
particles. The materials in these mixtures have different 
softening temperatures, which may be widely separated 
from the other. The mix of such powdered materials pro- 
duces a bulk powder that contains only a small amount 
of readily melting material. This same idea of differenti- 
ation of the softening or melting point of the polymer to 
provide a window of operation was illustrated in Dick- 
ens, et al. by not only including a bimodal particle size 
distribution, but also by using a semicrystalline polymer 
that has some amorphous character that possesses a 
softening point below the caking (fusion) temperature of 
the crystalline material. 

[0008] Lee taught the use of a fairly high concentra- 
tion of an anticaking material incorporated into the pow- 
dered polymer particle surface to preclude polymer par- 
ticles from sticking together at an initial Tg (glass tran- 
sition temperature) of the polymeric material. With the 
additional thermal energy provided by the laser expo- 
sure, the powdered polymer particles reached a second 
Tg, and the separate particles then melted or soften to 
the extent that they bonded to other such softened pol- 
ymer particles forming afused layer or "slice" of the part. 
[0009] But in each of these techniques, the tempera- 
ture in the target zone had to be relatively high, some- 
times as much as 190°C. The polymer particles, after 
laser exposure, became super heated and the parts 
formed had to be cooled for long periods of time before 
they could be removed from the bed of powdered resin. 
With the elevated temperatures required for maintaining 
the powdered polymer nearthe softening point, temper- 
ature control becomes difficult, and temperature varia- 
tions are common. Temperature variations in the target 
area contributes to distortion, poor parts quality and to 
higher costs of operation. 

[0010] In addition, parts made from prior art polymers 
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had poor flexibility. The lower temperature softening and 
melting material acted like a glue to stick particles into 
ridged shapes. The high content of inflexible inorganic 
materials such as anticaking materials, or materials hav- 
ing very high melting points, functioned as reinforce- 
ment of the fused layer. 

[0011] It is the object of the present invention to pro- 
vide a polymer powder that can be easily sintered into 
flexible shapes at lower temperatures. The lower oper- 
ating bed temperatures of the sinterable powders of the 
present invention provide greater temperature control, 
lower distortion of the objects formed therefrom as com- 
pared to the powders of the prior art. 
[001 2] It is also an object of the present invention that 
the part or article, after formation by sintering, be re- 
moved from the bed of sinterable powder particles im- 
mediately without having to wait for the article or part to 
cool slowly in the heated resin bed. A slow cool down 
step has been required to avoid stress and stress crack- 
ing that may develop when the part is cooled to room 
temperature too rapidly. Parts sintered from the powder 
of the present invention may be removed immediately 
from the bed of resin after formation or at any time during 
the formation process after a pass of the laser is com- 
plete. Removal from the resin bed immediately after a 
pass of the laser is complete will change the tempera- 
ture of the part rapidly to room temperature, but does 
not cause stress to develop or stress cracking in parts 
formed from the powdered resin of the present inven- 
tion. This property enhances the usefulness of the pow- 
dered resin of the present invention and avoids loss time 
between forming one set of parts and then forming a 
second set of parts, thus decreasing the cycle time of 
the laser sintering operation. 

[0013] It is also an object of the present invention to 
provide a sinterable powdered resin that has a wide 
range of operation latitude. That is to provide a sintera- 
ble powdered resin that functions well over a wide range 
of temperatures . including room temperature, laser in- 
tensities and scan rates; and to provide a powder that 
is relatively insensitive to temperature variations in resin 
bed temperature if it is desired to sinter the powder from 
a bed that is maintained at some temperatu re above the 
ambient temperature. 

[0014] It is also an object of the present invention to 
provide a powdered resin that is sinterable at low tem- 
peratures, but possesses physical properties similar to 
those of nylon and other powdered resins currently in 
use that require high resin bed operating temperatures. 

SUMMARY OF THE INVENTION 

[0015] The present invention provides a laser sinter- 
able thermoplastic powder comprising a mixture of a 
powdered flow agent and at least one powdered block 
co-polymer thermoplastic resin having a Tg of not more 
than 50°C. The block co-polymer consists of a multiplic- 
ity of recurring intra-linear molecular units characterized 



as soft and hard segments. These segments joined 
head-to-tail to form the block co-polymer. The soft seg- 
ment is selected from the group consisting of ether and 
ester molecular units, and the hard segment is selected 

5 from the group consisting of ester, amide and urethane 
molecular units. The weight ratio of hard to soft seg- 
ments in the block co-polymer is from 0.7 to 20. The 
powdered resin has a particle size of from about 1 to 
about 200 microns. 

10 [0016] The flow agent in the present composition is 
an inorganic powdered substance having a particle size 
of less than 1 0 microns selected from the group consist- 
ing of hydrated silicas, amorphous alumina, glassy sili- 
cas, glassy phosphates, glassy borates, glassy oxides, 

15 titania, talc, mica, fumed silicas, kaolin, attapulgite, cal- 
cium silicates, alumina and magnesium silicates. The 
flow agent is present only in an amount sufficient to 
cause the resin powder to flow and level. 
[0017] The thermoplastic powder of the present in- 

20 vention may also contain nylon polymer. 

[0018] The present invention also provides an im- 
proved method for forming a three dimensional article 
by laser sintering the powdered resin composition of this 
invention. 

25 [0019] The method comprises the steps of: 

(a) depositing a quantity of powdered resin on a 
support surface so that the powdered resin covers 
a target area; 

30 (b) leveling the powdered resin to form a smooth 
surface; 

(c) directing an energy beam over the target area 
causing the powder to form an integral layer; and 

(d) repeating steps (a) to (c) to form additional lay- 
35 ers that are integrally bonded to adjacent layers so 

as to form a three dimensional article wherein the 
powdered resin comprises a mixture of a powdered 
flow agent and at least one powdered block co-pol- 
ymer thermoplastic resin having a Tg of not more 
40 than 50°C said block co-polymer consisting of a 
multiplicity of recurring intra-linear molecular units 
characterized as soft and hard segments, these 
segments joined head-to-tail to form the block co- 
polymer wherein the soft segment is selected from 
45 the group consisting of ether and ester molecular 
units and the hard segment is selected from the 
group consisting of ester, amide and urethane mo- 
lecular units and wherein the weight ratio of hard to 
soft segments in the block co-polymer is from 0.7 
50 to 20 and wherein the powdered resin has a particle 
size of from about 1 to about 200 microns. 

[0020] The method of the present invention applies to 
the thermoplastic resin powders also containing nylon 
55 polymer. 
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DETAILED DESCRIPTION 

[0021] The laser sinterable thermoplastic powder 
compositions of the present invention comprising a mix- 
ture of a powdered flow agent and at least one powdered 
block co-polymer thermoplastic resin having a Tg of not 
more than 50°C. The block co-polymer is a thermoplas- 
tic elastomer and is formed from molecular units char- 
acterized as soft and hard segments. These segments 
are bonded one to another by condensation polymeri- 
zation such that the head of one segment is joined to 
the tail of another segment. Although these segments 
are bonded together at random, the weight ratio of hard 
to soft segments is from 0.7 to 20. 
[0022] The soft segment may be either an ether or an 
ester; the hard segment may be an ester, amide or ure- 
thane. The segmented or block co-polymers of the 
present invention may be represented by the following 
combinations with the soft segment listed first: ether-es- 
ter, ester-ester ether-amide, ester-amide, ether-ure- 
thane, ester-urethane or mixtures of these combina- 
tions. 

[0023] The soft segments have the following struc- 
tures: an ether (1) or an ester (2) 



O O 

li li 
— OD'OC-R-C (3) 

5 

where R is a divalent radical described above; and 
where D 1 is a divalent radical remaining after re- 
moval of hydroxy groups from at least one low molecular 
weight diol having a molecular weight less than 250; 

10 
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— NH-A-NHC-R— C (4) 

15 

where R is a divalent radical described above; and 
where A is a divalent radical remaining after re- 
moval of amine groups from at least one low molecular 
20 weightdiamine having amolecularweight less than 250; 
and 

OH HO O 
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and 



O 0 

II I! 

— ODOC-R-C (2) 

where R is a divalent radical remaining after re- 
moval of carboxyl groups from at least one dicarboxylic 
acid having a molecular weight of about 300; 

where G is a divalent radical remaining after re- 
moval of terminal hydroxy groups from at least one long 
chain glycol having a molecule weight of about 400 to 
6000; and 

where D is a divalent radical remaining after re- 
moval of terminal hydroxy groups from at least one long 
chain diol having a molecule weight of about 400 to 
6000. Preferred diols from which the oligomers D and 
G are formed are those diols having a carbon chain of 
from 2 to 6 carbons. 

[0024] The hard segments of the block co-polymers 
of the present invention may be represented by the fol- 
lowing ester(3), amide(4) and urethane(5) structures: 



where R' is a residue remaining after addition of a 
diol to an isocyanate; and 

30 where U is a divalent radical remaining after re- 

moval of isocyanate groups from at least one low mo- 
lecular weight diisocyanate having a molecular weight 
less than 500. A typical diisocyanate is 4,4'-diphenyl- 
methane diisocyanate generally referred to as MDI. 

35 [0025] Preferred diols used in forming R 1 are those di- 
ols having carbon chains from 2 to 6 carbon. 
[0026] The segment or block that is generally referred 
to as the soft segment of the polymer provides elasto- 
meric properties; while the segment or block that is re- 

40 ferred to as the hard segment provides stiffness to the 
polymer. 

[0027] Examples of the polymers which may be used 
in the present invention and methods for making these 
polymers are described in U.S. Patents 3,561,014; 

45 3,763,109; 3,766,146; 4,205,158; 4,544,734; 
4,556,688; 3,784,520 and 3,044,987 and Federal Re- 
public of Germany Patent No. 2 227 143. 
[0028] Examples of polymers that may be used in the 
present invention include those sold under the Trade- 

50 marks HYTREL (E.I. duPont), ARNITEL (Dutch State 
Mines), PEBAX (Atochem) and ESTANE (B.F. 
Goodrich), ESTAMID (Upjohn) and TEXIN (Mobay). 
HYTREL, for example, is a polyether-ester elastomer; 
ARNITEL is, for example, a polyester-ester elastomer; 

55 PEBAX is, for example, a polyether-amide elastomer; 
ESTANE is, for example, a polyether-urethane elas- 
tomer; ESTAMID is, for example, a polyester-amide; 
and TEXIN is, for example, a polyester-urethane. 
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[0029] A sinterable powdered resin of the present in- 
vention may be made of a single block co-polymer or a 
mixture of these block co-polymers. The block co-poly- 
mers used in the present invention range in Tg from 
about -80to about50°C. It is possibleto achieve various 
properties of the laser sintered part or to enhance vari- 
ous properties such as stiffness by using a blend of 
these block co-polymers. 

[0030] The sinterable resin mixture of the present in- 
vention may also contain nylon polymer. By the term ny- 
lon is meant amide polymers having melting points in 
excess of 110°C. For example, nylon polymer includes 
such commercial polymers as nylon 6. nylon 66, nylon 
1 1 , nylon 610 and mixtures of these polymers. Mixtures 
of nylon polymer means both mixtures of polymer made 
by combining separate powdered polymer, such as a 
mixture of nylon 6 and nylon 11 powders, and mixtures 
of polymer formed via co-polymerization, for example 
terpolymer formed from polymerization of the compo- 
nents of nylon 6, nylon 66 and nylon 61 0. The nylon pol- 
ymer content of the sinterable powder of the present in- 
vention may be from 0 to 90% by weight of the resin 
powder. It is of great interest that the resin powder mix- 
ture of the present invention which includes nylon poly- 
mer can be formed into parts having properties similar 
to nylon polymer parts, but are sinterable at much lower 
temperatures than are required to sinter nylon polymer 
or nylon polymer compositions known heretofore. Typi- 
cally nylon polymer beds must be maintained at temper- 
atures of 170 to 190°C to provide adequate sintering 
performance. Such high temperatures are difficult to 
maintain, and failure to provide adequate temperature 
control in the sintering bed may result in poor part for- 
mation, parts having less than desirable physical prop- 
erties and losses due to parts failing to meet specifica- 
tions. The present invention offers a resin powder com- 
position and a method to process this composition that 
provides the nylon-like parts that may be produced un- 
der easily controlled temperature conditions. 
[0031] Other compatible particles may also be blend- 
ed into the sinterable powders of the present invention. 
Such particles include organic and inorganic materials 
such as fillers and pigments. It is not necessary that any 
of the other particles (polymers, monomers or fillers) 
have Tg's or melting points that are in the range of the 
block co-polymer powders, but it is necessary that the 
particles be compatible with the block co-polymers of 
the invention since the mixture of particles must form an 
integrally bonded part having strength sufficient for its 
use. 

[0032] By using polymers or combinations of poly- 
mers of varying stiffness along with inorganic or organic 
fillers, one may formulate powdered resins according to 
the present invention that provide the physical proper- 
ties of commercially available sinterable resin powders 
such as nylon. The use of the thermoplastic powdered 
resin having a Tg of less than 50°C ensures that the 
processing temperature for these various mixtures will 



be lower than those used in laser sintering of the com- 
mercial powder available currently. 
[0033] In addition to the use of various fillers in the 
formulation of the powders of the present invention, the 

5 formulations may contain pigments to produce parts of 
the desired colors. Of course, any pigment selected 
need retain color stability on exposure to the laser se- 
lected to sinter the powder or at the conditions of the 
sintering process. 

10 [0034] The powders of the present invention are sin- 
terable at low temperatures and also offer excellentther- 
mal stability at sintering temperatures. Unlike nylon, for 
example which must be maintained at a bed tempera- 
tures of about 170 to 190°C where there is real risk of 

*5 thermal degradation of the polymer, the powders of the 
present invention may be sintered from room tempera- 
ture up to temperatures of less than 150°C and prefer- 
able at temperatures less than 125°C. At these lower 
temperatures there is no need to use low-oxygen or ox- 

20 ygen-free nitrogen to blanket the resin bed to prevent 
polymer thermal degradation. 

[0035] The elastomeric resins of the present invention 
require cryogenic grinding to convert polymer pellets in- 
to the powdered resin of the invention. It is also recom- 
25 mended that when other resins, such as nylon, are in- 
corporated into the resin powder of the present inven- 
tion, thatthese resins, too, becryogenically ground. The 
polymer pellets are first cooled using liquid nitrogen or 
some other refrigeration process so that the resins are 
30 below their Tg and thus, may be fractured by grinding. 
Although it is only necessary to lower the temperature 
of the block co-polymer below its Tg, grinding is more 
efficient if the particles are cooled as much as possible 
so that they become more brittle and fracture more eas- 

35 j|y. 

[0036] The preferred means of grinding the block co- 
polymers to form the sinterable powder of the present 
invention is to use high shear grinding equipment such 
as an attrition or a pin mill. These mills have closely 
40 placed, high spinning plates that provide a grinding re- 
gion of very high shear that fractures the cooled elasto- 
meric particles. 

[0037] The grinding process may be set up as a con- 
tinuous process, and the particle size of the powdered 
45 resin selected by the use of sizing screens. Particles that 
are larger than the desired powder particle size may be 
returned to the grinding equipment for additional frac- 
turing. By the use of screens particle size distribution 
may be closely controlled although the powderf unctions 
50 well over a wide range of particle size distributions to 
yield highly densif ied parts. Particles used may be those 
selected by particular screen sizes used in the grinding 
process, or may include a mixture of screened portions 
of the product following the grinding. The preferred par- 
55 tide size range is from 1 5 to 200 microns with a particle 
size distribution having a d50 of 1 00 microns being pre- 
ferred. The term d50 of 1 00 microns means that 50% of 
the particles are smaller than 1 00 microns and 50% are 
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larger than 100 microns. 

[0038] In addition to the powdered block co-polymer 
resin, the composition of the present invention includes 
a flow agent. The flow agent is necessary so that the 
powdered resin will flow into the target area and be eas- 
ily leveled before exposure by the laser. The flow agent 
should be added only in the amount sufficient to provide 
good flow and leveling to the powdered resin. Flow 
agents that may be used include inorganic powders hav- 
ing a particle size of not more than 1 0 microns. Typical 
flow agents include hydrated silicas, amorphous alumi- 
na, glassy silicas, glassy phosphates, glassy borates, 
glassy oxides, titania, talc, mica, fumed silicas, kaolin, 
attapulgite, calcium silicates, alumina and magnesium 
silicates. The amount of flow agent may vary with the 
nature and particle size of the particular flow agent se- 
lected and the block co-polymer with which it is blended. 
[0039] The flow agent is blended with the powdered 
resin by low shear mixing; for example a ribbon mixer 
or v-mill provide the proper shear range for mixing the 
flow agent with the powdered resin . The flow agent may 
also be mixed with the powdered resin by using a low 
speed roller. 

[0040] It is critical that the amount of flow agent and 
the shear in mixing the flow agent with the particles of 
powdered resin not alter in any way the Tg of the pow- 
dered resin. The concentration of flow agent in the com- 
position is preferred to be between 0.02% and 5.0% by 
weight of the mixture. Higher concentrations of the flow 
agent tend to inhibit the flexibility of the sintered article, 
but more importantly, higher concentrations of the flow 
agent interfere with the sintering process. 
[0041] The flow agents and the powdered resin need 
to be dry. Also excess mixing may introduce static elec- 
tricity into the blend and decrease the powders ability to 
flow and level properly for use in laser sintering applica- 
tions. It is preferred to mix the powdered resin with the 
flow agent no morethan about30 minutes. The particles 
of the polymer and the flow agent need be separate, 
free-flowing particles for good flow and leveling of the 
laser sinterable powder. Over mixing may embed the 
particles of the flow agent into the particles of the poly- 
mer resulting in poor flow and leveling of the mixture. 
[0042] The sinterable powders of the present inven- 
tion are elastomeric and are distinguishable over the 
powders of the prior art in their properties, sintering be- 
havior and behavior in mixtures with flow agents. The 
elastomeric block co-polymers of the present invention 
have low Tg's ranging from -80° to temperatures well 
below the boiling point of water. Each block co-polymer 
has only one Tg. It is indeed surprising that such pow- 
dered polymers would function well and provide accu- 
rately formed laser sintered parts in view of the teaching 
and practice of this art. 

[0043] The powdered resins of the present invention 
may be sintered by means known in the art using infra- 
red radiation-emitting lasers. These powders may be 
sintered from beds of resin in the target area that are 



maintained at room or ambient temperature. The beds 
need not be heated for proper formation of the sintered 
article, neither must a part or article formed from the 
powdered resins of the present invention be cooled 

5 slowly while still in the heated resin bed or subjected to 
a cool down step before they are removed from the resin 
bed. Parts formed from sintering the powdered resins of 
the present invention may be removed immediately fol- 
lowing formation from the resin bed. Cycle time in the 

10 laser sintering process using the resins of the present 
invention is dramatically reduced. 
[0044] If desired, the powdered resin of the present 
invention may be sintered from a heated bed. In this 
case temperatures of the bed may be maintained at a 

15 lower settings than are currently practiced in this art. 
Parts formed from the powders of the present invention 
are not subject to the variations in quality, resolution or 
distortion, due to variations in bed temperature as are 
parts formed from the conventional resin powders used 

20 in selective laser sintering processes. 

[0045] The Examples provided below are intended to 
illustrate the present invention without limiting the inven- 
tion. 



Example 1 

[0046] HYTREL 4056, a polyether-ester elastomer 
30 available from E.I. du Pont de Nemours, Inc. of Wilm- 
ington, DE, as quarter inch (0.635 cm) diameter, cylin- 
drical pellets, was milled under liquid nitrogen in an at- 
trition mill and screened to a particle size distribution of 
the fractured resin having a d50 of 100 microns. Cryo- 
35 genie milling was required to ensure efficient particle 
fracturing. 

[0047] A 50 gram sample of the ground HYTREL was 
placed in a glass jar with 0.4 grams (0.8% by weight) of 
Cab-o-sil, PS 530, fumed silica (flow agent), available 

40 from Cabot Corporation, Inc., of Tuscola, III. 61 953. This 
mixture was blended by rolling the jar on a laboratory 
roller for 30 minutes at a low speed. 
[0048] This mixture of powdered polymer and flow 
agent was applied to the target area of a selective laser 

45 sintering machine. The target area and the powdered 
polymer were at room temperature, approximately 
23°C. The layer of polymer powder ranged in thickness 
from 1 00 to 200 microns. 

[0049] Once the powder layer was leveled to form a 
50 smooth surface, it was exposed to radiation from a 50 
watt carbon dioxide laser. The laser was controlled by 
computer such that the laser beam movement was con- 
trolled to scan an area of approximately 1 square inch 
or about 6.45 square centimeters. The energy of the la- 
55 ser was constant at 50 watts, but the intensity of the ex- 
posure was controlled by varying the scan rate from be- 
tween 1 m/secto 2m/sec. Before each pass of the laser 
a layer of powdered polymer was deposited over the tar- 
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get area so that the new layer of powder was about 1 50 
microns. The laser line spacing was 0.20 mm. Each 
pass of the laser caused the polymer powder fused to 
produce a solid film. With successive passes of the laser 
beam, the film fused to the film formed on the previous 
pass. After 10 such passes, a rectangular solid article 
was formed having a thickness of about 0.15 cm and 
faces of 6.45 cm 2 . The article was very flexible and could 
be easily deformed by pressure applied by hand. Once 
the hand pressure was relaxed, the article readily re- 
turned to its original shape. 

[0050] The article thus formed was removed immedi- 
ately from the target area with no cool down period. Any 
residual powdered polymer which was clinging to the 
surface of the article was removed by shaking the part 
or brushing its surface. The sinterable powder was 
fused into articles using a wide range of laser intensities, 
and in all cases the articles had good physical integrity 
and could not be divided into separate layers by pulling 
orothertypes of deformations with force applied directly 
by hand. 

Example 2 

[0051] The same laser sintering process was done as 
described in Example 1 , except the HYTREL 4056 pol- 
ymer was ground to provide a particle size distribution 
of 100 to 120 microns (d50). The article formed was 
again flexible and strong, but the larger particle size of 
the powder formed an article having a more course sur- 
face. 

Example 3 

[0052] The powder of Example 1 was sintered under 
the conditions of Example 1 , except an article having 36 
layers (about 0.54 cm in thickness) was formed. Again 
this article was formed at room temperature and was 
removed immediately from the target area with no time 
allowed for cool down. The article was strong and flex- 
ible. 

Example 4 

[0053] The conditions of Example 1 were repeated 
with the exception that the temperature of the bed of 
powdered resin in the target area was maintained at 50, 
75, 100 and 125°C. Parts prepared under these condi- 
tions were very flexible and were removed from the bed 
of powdered resin immediately after sintering with no 
waiting period for cool down of the part. As the temper- 
ature of the bed was increased, the density of the part 
formed was increased. At the highertemperatures in the 
range listed, the parts showed slight deformation. 

Example 5 

[0054] The conditions and temperatures described in 



Example 4 were used to run HYTREL 8209. Parts pre- 
pared under these conditions have similar properties to 
those observed for HYTREL 4056. 

5 Example 6 

[0055] The following materials were tested according 
to the conditions in Example 1 . The number of passes 
of the laser beam were from 10 to 36. A listing of the 
10 thermoplastic polyether-ester elastomers is shown be- 
low with the noted observation of flexibility. 
[0056] Polymer Flexibility 



HYTREL* 3078 
15 HYTREL G3548W 
HYTREL 8238 
HYTREL G5544 
HYTREL 8206 

20 Example 7 
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50 



high flexible 
high flexible 
low flexible 
medium flexible 
medium flexible 



[0057] Mixtures of the HYTREL polymers were made 
by blending ground polymers under lowshear. Each pol- 
ymer was ground separately. The polymer powders 
25 were then combined to provide parts having desired 
properties. HYTREL 4065 powder was blended with 
HYTREL 8206 powder and a flow agent. Parts formed 
had medium flexibility. 

30 Example 8 

[0058] A part having a black color was made by 
processing the following mixture as described in Exam- 
ple 1 : 12.5% by weight of a combination of 75 % 
35 HYTREL 4056 and 25% carbon black mixed with 
HYTREL 4056 powder which constituted the remaining 
87.5% of this mixture. 



Example 9 



[0059] HYTREL 4056 containing 10% hollow glass 
beads (available from Potters Co. of Valley Forge, PA 
as spherical 110P8) was processed under the condi- 
tions described in Example 1 except that the laser was 
45 passed over the target 36 times. After the last pass by 
the laser, the part formed was immediately removed 
from the resin bed with no cool down time. A strong part 
was formed having low flexibility. 



Example 10 



[0060] Samples of the following powders were made 
from block co-polymers listed below and were proc- 
essed according to Example 1 . The number of passes 
55 of the laser were from 10 to 36. After the last pass of the 
laser, the parts formed were immediately removed from 
the resin bed with no cool down time. The flexibility is 
tested and the results are as listed: 



7 



13 



EP 0 968 080 B1 



14 



ARNITEL medium flexibility 
PEBAX medium flexibility 
ESTANE high flexibility 

Example 11 

[0061] ELVAMIDE 8061, a polyamide terpolymer of 
nylon 6, nylon 66, and nylon 610, a product on the E.I. 
DuPontde Nemours, Inc., of Wilmington, DE, as quarter 
inch (0.635 cm) diameter, cylindrical pellets, was milled 
under liquid nitrogen in an attrition mill and screened to 
a particle size distribution of the fractured resin having 
a d50 of 1 00 microns. Cryogenic milling was required to 
ensure efficient particle fracturing. 
[0062] A 50 gram sample of this ELVAMIDE 8061 was 
mixed with a 50 gram samples of HYTREL 4056, as de- 
scribed in Example 1 . These were then mixed with 0.8 
grams (so that 0.8% by weight was present in the resin 
mixture) of Cab-o-sil, PS 530, fumed silica (flow agent), 
available from Cabot Corporation, lnc. : of Tuscola, III. 
61 935. This mixture was blended by rolling the jar on a 
laboratory roller for 30 minutes, at a low speed. 
[0063] The mixture of powdered polymers and flow 
agent was applied to the target area of a selective laser 
sintering machine. The target area and the powder mix- 
ture were a 1 00°C. The layer of polymer powder ranged 
in thickness from 1 00 to 200 microns. 
The powder was exposed to form sintered parts as de- 
scribed in Example 1 . 

[0064] Parts prepared from this mixture were similar 
to those prepared from nylon alone, being less flexible, 
having a harder surface and being stiffer than parts 
made from HYTREL 4056. These parts can be prepared 
at 100°C vs. temperatures of 170 to 190°C, which are 
required for nylons such as nylon 11 . 

Example 12 

[0065] Parts were prepared as described in Example 
11, at temperatures of 105, 110, 115, 120, 125, and 
130°C. All the parts made had nylon like properties but 
were fabricated at lower temperatures. 

Example 13 

[0066] Parts were prepared as described in Example 
1 1 , using two mixtures of ELVAMIDE 8061 and HYTREL 
4056 in which the ELVAMIDE 8061 was 75% and 87.5 
% of the mixtures and the HYTREL 4056 was 25% and 
12.5% weight percent of the mixtures, respectively. 
Parts were successfully prepared having nylon like 
properties at these lower temperature normally used for 
processing HYTRELs. 

Example 14 

[0067] Parts were prepared as described in Example 
11 using HYTREL 8206 and ELVAMIDE 8061 in a 50: 



50 ratio at 130°C. This yielded parts with nylon like prop- 
erties. 

Example 15 

[0068] Parts were prepared as described in Example 
11 using nylon 11 ,a polyamide product of Elf Atochem 
(Elf Atochem North America, Inc., Polymer Division, lo- 
cated in Birdsboro, Pennsylvania) and HYTREL 4056 in 
a 50:50 ratio, at 120°C. This mixture gave parts having 
nylon like properties. 



Claims 

1. A laser sinterablethermoplastic powder comprising 
a mixture of a powdered flow agent and at least one 
powdered block co-polymer thermoplastic resin 
having a Tg of not more than 50°C said block co- 
polymer consisting of a multiplicity of recurring intra- 
linear molecular units characterized as soft and 
hard segments, these segments joined head-to-tail 
to form the block co-polymer wherein the soft seg- 
ment is selected from the group consisting of ether 
and ester molecular units, which ester molecular 
units comprise a divalent radical remaining after re- 
moval of terminal hydroxy groups from at least one 
long chain diol having a molecular weight of 400 to 
6000, and the hard segment is selected from the 
group consisting of ester, amide and urethane mo- 
lecular units, which ester molecular units comprise 
a divalent radical remaining after removal of hy- 
droxy groups from at least one low molecular weight 
diol having a molecular weight less than 250, and 
wherein the weight ratio of hard to soft segments in 
the block co-polymer is from 0.7 to 20 and wherein 
the powdered resin has a particle size of from 1 to 
200 microns and wherein the powdered flow agent 
has a particle size of less than 1 0 microns. 

2. The laser sinterable thermoplastic powder of claim 
1 wherein the flow agent is an inorganic powdered 
substance having a particle size of less than 1 0 mi- 
crons selected from the group consisting of hydrat- 
ed silicas, amorphous alumina, glassy silicas, 
glassy phosphates, glassy borates, glassy oxides, 
titania, talc, mica, fumed silicas, kaolin, attapulgite, 
calcium silicates, alumina and magnesium silicates. 

The laser sinterable thermoplastic powder of claims 
1 or 2 wherein the block co-polymer resin is select- 
ed from the group consisting of polyether-ester 
elastomers, polyester-ester elastomers, polyether- 
amide elastomers, polyether-urethane elastomers, 
polyester-amides, polyester-urethanes and mix- 
tures of these resins. 

4. The laser sinterable thermoplastic powder accord- 
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ing to any one of claims 1-3 wherein the block co- 
polymer resin is a polyether-ester elastomer and 
the flow agent in fumed silica. 

5. The thermoplastic powder of any one of claim 1-4 
further comprising a nylon polymer. 

6. The laser sinterable thermoplastic powder of claim 
5 wherein the block co-polymer resin is a polyether- 
ester elastomer, the flow agent is fumed silica, and 
the nylon polymer is selected from the group con- 
sisting of nylon 6, nylon 66, nylon 1 1 , nylon 610 and 
mixtures of these polymers. 

7. The laser sinterable thermoplastic powder of claim 
5 wherein the blockco-polymer resin is a polyether- 
ester elastomer, the flow agent is fumed silica, and 
the nylon polymer is selected from the group con- 
sisting of terpolymers of nylon 6, nylon 66 ; nylon 
610. 

8. A method for forming a three dimensional article by 
laser sintering comprising the steps of: 

(a) depositing a quantity of powdered resin on 
a support surface so that the powdered resin 
covers a target area; 

(b) leveling the powdered resin to form a 
smooth surface ; 

(c) directing an energy beam over the target ar- 
ea causing the powder to form an integral layer; 
and 

(d) repeating steps (a) to (c) to form additional 
layers that are integrally bonded to adjacent 
layers so as to form a three dimensional article, 
wherein the powdered resin is defined as the 
laser sinterable thermoplastic powder accord- 
ing to anyone of claims 1-7. 



Patentanspriiche 

1. Lasersinterfahiges thermoplastisches Pulver, um- 
fassend ein Gemisch aus einem gepulverten 
FluBmittel und mindestens einem gepulverten ther- 
moplastischen Blockcopolymerharz mit einer Tg 
von nicht mehrals 50°C, wobei das Blockcopolymer 
aus einer Vielzahl von wiederkehrenden, innerhalb 
des Molekiils linearen molekularen Einheiten, ge- 
kennzeichnet als Weich- und Hartsegmente, be- 
steht, wobei diese Segmente unter Bildung des 
Blockcopolymers Kopf-Schwanz verbunden sind, 
wobei das Weichsegment aus der Gruppe ausge- 
wahlt ist, bestehend aus molekularen Ether- und 
Estereinheiten, wobei die molekularen Estereinhei- 
ten einen zweiwertigen Rest umfassen, der nach 
Entfernung der terminalen Hydroxygruppen von 
mindestens einem langkettigen Diol mit einem Mo- 



lekulargewicht von 400 bis 6000 verbleibt, und das 
Hartsegment ausgewahlt ist aus der Gruppe, beste- 
hend aus molekularen Ester-, Amid- und Urethan- 
einheiten, wobei die molekularen Estereinheiten ei- 

5 nen zweiwertigen Rest umfassen, der nach Entfer- 
nen der Hydroxygruppen von mindestens einem 
niedermolekularen Diol mit einem Molekularge- 
wicht von weniger als 250 verbleibt. und wobei das 
Gewichtsverhaltnis von Hart- zu Weichsegmenten 

10 in dem Blockcopolymer von 0,7 bis 20 betragt und 
das gepulverte Harz eine Teilchengrc-Be von 1 bis 
200 jim aufweist und das gepulverte FluBmittel eine 
TeilchengroBe von weniger als 10 ja,m aufweist. 

15 2. Lasersinterfahiges thermoplastisches Pulver nach 
Anspruch 1, wobei das FluBmittel eine anorgani- 
sche gepulverte Substanz mit einer TeilchengroBe 
von weniger als 10 (im ist, ausgewahlt aus der 
Gruppe, bestehend aus hydratisierten Siliziumdi- 

20 oxiden, amorphem Aluminiumoxid, glasartigen Sili- 
ziumdioxiden, glasartigen Phosphaten, glasartigen 
Boraten, glasartigen Oxiden, Titandioxid, Talk, 
Glimmer, pyrogenes Siliziumdioxide, Kaolin, Atta- 
pulgit, Calciumsilikaten, Aluminiumoxid und Ma- 

25 gnesiumsilikaten. 

3. Lasersinterfahiges thermoplastisches Pulver nach 
Anspruch 1 oder2, wobei das Blockcopolymerharz 
ausgewahlt ist aus der Gruppe, bestehend aus Po- 

30 lyether-Ester-Elastomeren, Polyester-Ester-Ela- 
stomeren, Polyether-Amid- Elastomeren, Polye- 
ther-Urethan-Elastomeren, Polyesteramiden, Poly- 
ester- u ret h an en und Gemischen von diesen Har- 
zen. 

35 

4. Lasersinterfahiges thermoplastisches Pulver nach 
einem der Anspruche 1 bis 3, wobei das Blockcop- 
olymerharz ein Polyether-Ester-Elastomer ist und 
das FluBmittel pyrogenes Siliziumdioxide ist. 

40 

5. Thermoplastisches Pulver nach einem der Anspru- 
che 1 bis 4 : weiter umfassend ein Nylonpolymer. 

6. Lasersinterfahiges thermoplastisches Pulver nach 
45 Anspruch 5, wobei das Blockcopolymerharz ein Po- 
lyether-Ester-Elastomer ist, das FluBmittel pyroge- 
nes Siliziumdioxide ist und das Nylonpolymer aus- 
gewahlt ist aus der Gruppe, bestehend aus Nylon 
6, Nylon 66, Nylon 11, Nylon 610 und Gemischen 

50 von diesen Polymeren. 

7. Lasersinterfahiges thermoplastisches Pulver nach 
Anspruch 5, wobei das Blockcopolymerharz ein Po- 
lyether-Ester-Elastomer ist, das FluBmittel pyroge- 
ns nes Siliziumdioxide ist und das Nylonpolymer aus- 
gewahlt ist aus der Gruppe, bestehend aus Terpo- 
lymeren von Nylon 6 ; Nylon 66 und Nylon 610. 
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8. Verfahren zum Bilden eines dreidimensionalen Ge- 
genstands durch Lasersintern, umfassend die 
Schritte: 



Revendications 

1. Poudre thermoplastique pouvant faire I'objet d'un 25 
frittage au laser comprenant un melange d'un agent 
d'ecoulement en poudre et d'au moins une resine 
thermoplastique de copolymere bloc en poudre 
ayant une Tg ne depassant pas 50°C, le copolyme- 
re bloc etant constitue d'une multiplicity d'unites 30 
moleculaires intralineaires recurrentes caracteri- 
sees en tant que segments souples et durs, ces 
segments etant assembles en tete-a-queue pour 
former le copolymere bloc, dans laquelle le seg- 
ment souple est choisi dans le groupe constitue par 35 
les unites moleculaires ether et ester, lesquelles 
unites moleculaires ester comprennent un radical 
divalent restant apres I'extraction des groupes hy- 
droxy term inaux d'au moins un diol a longue chaine 
ayant une masse moleculaire de 400 a 6000, et le 40 
segment dur est choisi dans le groupe constitue par 

les unites moleculaires ester, amide et urethanne, 
lesquelles unites moleculaires ester comprennent 
un radical divalent restant apres I'extraction des 
groupes hydroxy terminaux d'au moins un diol de 45 
faible masse moleculaire ayant une masse molecu- 
laire inferieure a 250, et dans laquelle le rapport en 
poids des segments durs sur les segments souples 
dans le copolymere bloc est de 0,7 a 20 et dans 
laquelle la resine en poudre a une taille de particu- 50 
les de 1 a 200 microns et dans laquelle I'agent 
d'ecoulement en poudre a une taille de particules 
inferieure a 10 microns. 

2. Poudre thermoplastique pouvant faire I'objet d'un 55 
frittage au laser selon la revendication 1 , dans la- 
quelle I'agent d'ecoulement est une substance inor- 
ganique en poudre ayant une taille de particules in- 



ferieure a 1 0 microns choisie dans le groupe cons- 
titue par les silices hydratees, I'alumine amorphe, 
les silices vitreuses, les phosphates vitreux, les bo- 
rates vitreux, les oxydes vitreux, I'oxydede titanium, 
letalc, lemica, les silices pyrogenees, le kaolin, I'at- 
tapulgite, les silicates de calcium, I'alumine et les 
silicates de magnesium. 

3. Poudre thermoplastique pouvant faire I'objet d'un 
frittage au laser selon les revendications 1 ou 2, 
dans laquelle la resine de copolymere bloc est choi- 
sie dans le groupe constitue par les elastomeres 
polyether-ester, les elastomeres polyester-ester, 
les elastomeres polyether-amide, les elastomeres 
polyether-urethanne, les polyester-amides, les po- 
lyester- ureth an nes et les melanges de ces resines. 

4. Poudre thermoplastique pouvant faire I'objet d'un 
frittage au laser selon Tune quelconque des reven- 
dications 1 a 3, dans laquelle la resine de copoly- 
mere bloc est un elastomere polyether-ester et 
I'agent d'ecoulement est la silice pyrogenee. 

5. Poudre thermoplastique selon Tune quelconque 
des revendications 1 a 4, comprenant en outre un 
polymere de nylon. 

6. Poudre thermoplastique pouvant faire I'objet d'un 
frittage au laser selon la revendication 5, dans la- 
quelle la resine de copolymere bloc est un elasto- 
mere polyether-ester I'agent d'ecoulement est la si- 
lice pyrogenee, et le polymere de nylon est choisi 
dans le groupe constitue par le nylon 6, le nylon 66, 
le nylon 11, le nylon 610 et les melanges de ces 
polymeres. 

7. Poudre thermoplastique pouvant faire I'objet d'un 
frittage au laser selon la revendication 5, dans la- 
quelle la resine de copolymere bloc est un elasto- 
mere polyether-ester I'agent d'ecoulement est la si- 
lice pyrogenee, et le polymere de nylon est choisi 
dans le groupe constitue par les terpolymeres de 
nylon 6, de nylon 66, et de nylon 61 0. 

8. Procede pour former un article tridimensionnel par 
frittage au laser comprenant les etapes consistant 
a : 

(a) deposer une quantite de resine en poudre 
sur une surface support, de fagon a ce que la 
resine en poudre recouvre une zone cible ; 

(b) aplanir la resine en poudre pourformer une 
surface lisse ; 

(c) diriger un faisceau energetique sur la zone 
cible pour amener la poudre a former une cou- 
ch e integrale ; et 

(d) repeter les etapes (a) a (c) pourformer des 
couches supplementaires qui sont liees de ma- 



(a) Aufbringen einer Menge von gepulvertem 5 
Harz auf eineTrageroberflache, so daf3 das ge- 
pulverte Harz einen Zielbereich bedeckt; 

(b) Ausgleichen des gepulverten Harzes zur 
Bildung einer ebenen Oberflache; 

(c) Leiten eines Energiestrahls uber den Ziel- 10 
bereich, urn zu bewirken, daft das Pulver eine 
integrale Schicht bildet; und 

(d) Wiederholen der Schritte (a) bis (c), um zu- 
satzliche Schichten zu bilden ; welche integral 

an angrenzende Schichten derart gebunden 15 
werden, daB ein dreidimensionaler Gegen- 
stand gebildet wird, wobei das gepulverte Harz 
als das lasersinterfahige thermoplastische Pul- 
ver nach einem der Anspriiche 1 bis 7 definiert 
ist. 20 



10 



19 EP 0 968 080 B1 20 



niere integrale aux couches contigues de fagon 
a former un article tridimensionnel, dans lequel 
la resine en poudre est definie en tant que pou- 
dre thermoplastique pouvant faire I'objet d'un 
frittage au laser selon Tune quelconque des re- 
vendications 1 a 7. 
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